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Abstract: In the last decades, there has been substantial development in modeling techniques of travel
demand estimation. For low population areas the external trip estimation is important but usually neg-
lected in travel demand modeling process. In Egypt, the researches in this field are scarce due to lack
of data. Accordingly. this paper aims to identify and estimate the main variables that affect the travel
demand in low population areas. and to develop models to predict them. The study focused on the Port
Said Governorate in North East Egypt. A special questionnaire had been prepared in 2010 depending on
interviews of passengers at basic taxi terminals in Port Said. And 2211 filled questionnaires were offer-
ingfor research. To analyze the data, two modeling procedures were used. One is the multiple linear
regression and the other is the generalized linear modeling (GLM) applying normal distributions. It is
found that GLM procedure offers more suitable and accurate approach than the linear regression for de-
veloping number of trips. The final demand models have statistics within the acceptable regions and.
also, they are conceptually reasonable. These results are so important for Egyptian highway authorities
to improve the efficiency of highway transportation system in Egypt.
Key words: travel demand; linear regression; generalized linear modeling; low population areas; Port
Said
1 Introduction
Transportation planning in Port Said has become
more important. Although, this region has only
0.75% of total population of Egypt, but it strongly
participates in national income. Therefore, it is nee-
essary to peruse and analyze the passengers' trips
from and to this significant region. The aim of the
paper is to identify and select the main variables that
affect the travel demand, and to develop models to
predict them in Port Said, North East Egypt. The
models are developed and calibrated based on two
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modeling procedures. One is the multiple linear re-
gression, and the other is the GLM applying normal
distributions. All the used variables are available and
will be explained in details in the section of data
collection.
In the previous researches, the statistical methods
and especially the linear or quasi-linear regression
( simple or multiple) were widely used for travel de-
mand forecasting. The performances of these regres-
sion models are evaluated by several techniques,
e. g. , the correlation coefficient, analysis of vari-
ance, factor, cluster analysis, and discriminant analy-
sis, etc. (Stopher and McDonald 1983; Oppenheim
1995 ). Alfa (1986) used regression models to esti-
mate bus running times for fixed route and fixed-
schedule transit service in Winnipeg, qanada. The
method has been criticized for some drawbacks.
However, it is still in use for its simplicity, especially
in the case where other more complex methods fail to
perform satisfactorily. Koppehnan and Hirsh (1986)
reviewed some of the better known models in intercity
travel demand. They discussed the calibration and ap-
plication contexts, the peculiarities and the character-
istics of these models. Hutchinson (1993) had re-
viewed attempts made in Canada to model air travel
demand using aggregate and disaggregate demand
models. He concluded that most of the models esti-
mated so far had very limited success in reflecting
changes in the spatial socioeconomic organization
and/or in the transport milieu. Varagouli et aI.
(2005) identified the main variables that affected the
travel demand in tile intercity' passenger transportation
concerning the prefecture of Xanthi in Northern
Greece. The models had been developed based on
multiple linear regression analysis. The final demand
models had statistics within the acceptable regions and
were conceptually reasonable. Anderson et al,
( 2006) determined an interaction between small com-
munities and nearby major cities (or highway facili-
ties). His studies indicated that the city of interest
was not an isolated island and that the economic activ-
ities in the market area surrounding a city impacted
the through and external trip patterns. Han and Stone
( 2008) clarified the definition of nearby major city in
through trip estimation and statistically approved the
significant influence of a study area's economic con-
text on patterns of through trips and, eventually, the
external trips. Qian et al. (2012) developed a cost-
effective method to forecast external trips from an
economic point of view. Based on recent survey data,
separate external trip models were developed by urban
categories. The new models minimize data require-
ments and are easy to use. They appear transferable to
other small and medium urban areas.
In Egypt, until now there are no research concerns
on the external trip estimation in low population are-
as. There are many reasons as follows: the lack of
trip data in these zones; the inattention of supervisors
and researchers towards these small zones; this type
of data need great efforts and finance to be collected
accurately; as Egypt ranks developing country, this
type of research is obscure and forgotten; the author
is resident in one of these zones and realizes the eco-
nomical importance of it towards national Egyptian in-
come; Port Said Governorate under study is consid-
ered the main entrance to Suez Canal from all over the
world. Thus, it is so important to study this issue in
details which would improve the efficiency of Egyp-
tian transportation system.
Many reasons convince the author to utilize these
methods instead of the four-step based procedure as
follows:
• The four-step procedure was used in the litera-
ture by the majority of researchers all over the world.
Therefore, the innovation of another new and suitable
manner is so important and beneficial.
• The main aim of this research is to investigate
the impact of many factors on number of personal
trips per year. So, the use of one model which intro-
duces the relation between one dependent variable and
many independent variables is necessary and helpful
in this case.
• In the present research, the author concentrates
on one zone only to execute the analysis. So, no
need to distribute trips on other zones. The number of
trips from and to this zone is needed only to complete
the analysis. Hence, one single model is enough and
use an indicator instead of four steps.
• The four-step procedure is valid and effective
for preparing long technical reports and general stud-
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ies about all Egypt zones with extended length of pa-
ges. On the other hand, the paper must concern on
one zone with specific characteristics in limited num-
ber of pages. The used modeling methods verify this
goal effectively.
Therefore, separate models according to trip pur-
pose and position of Port Said in trip (origin or desti-
nation) using linear regression and GLM analysis are
presented in this paper.
2 Data collection, sources, and pro-
cessing
The census of Port Said is 603787 residents according
to the Egyptian Central Agency for Public Mobiliza-
tion and Statics (ECAPMS 2010). According to the
same source , the area of Port Said is 1351 km' .
Thus, the residents of this governorate estimate only
0.75% of the total census and 0.14% of the total
area of Egypt. Port Said distinctly contributes in the
Egyptian national income as it has an important posi-
tion in commerce, industry, education, and tourism.
Consequently, it attracts and generates yearly a huge
number of personal trips from and to the other gover-
norates in Egypt. Therefore, the derivation of travel
demand models in this region is so necessary and im-
portant for transportation system development in
Egypt.
2.1 Data SJUIl:eS
There are three types of data sources discussed in the
following sections.
2.1.1 Quet:tionnaire data
A special questionnaire had been prepared in 2010 de-
pending on interviews of passengers at basic taxi ter-
minals in Port Said. The time of interviews was from
6: 00 AM to 10: 00 PM in two months, April and
May. The results of this questionnaire consist of 2211
filled forms (interviews). This questionnaire is part
of a project executed in Egypt with title "The study of
preparation of inclusive transportation scheme on na-
tional level ". Two main authorities participated in
this project. First is the Japanese international cooper-
ation authority (flCA) , and the other is the general
authority for planning transportation projects, Ministry
of Transportation.
Each form concerns an interview with one person
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and contains the following data: trip origin governor-
ate, trip destination governorate, time and date of
trip, trip purpose, and trip frequency in the year, res-
idence governorate and district, access mode time and
cost for origin governorate, and egress mode time and
cost for destination governorate.
2.1.2 Dit:tance data
There are two types of distances, distances between
taxi terminals (distances on rural roads), and dis-
tances between terminals and districts in origin and
destination (distances on urban roads). Both dis-
tances were measured from Google earth maps with
knowledge of the exact districts name and their loca-
tions on maps. These distances are so important and \
effective factors that affect the number of personal
trips per year and represent main independent variable
in the present research.
The roads network in Egypt and the location of Port
Said at Suez Canal Zone are shown in Figs. 1 ,2, re-
spectively. In addition, the areas of all governorates
on Egypt map are indicated in Fig. 3 .
2.1.3 Pef&Jnal average income
The average personal income in Egyptian pounds
( EP) per year for each governorate was obtained
from ECAPMS. As these values are widely different
throughout all governorates. They were used as a
main variable in the present research.
22 The used variables
All the previous variables and their symbols are calcu-
lated for each personal trip and provided in Tab. 1.
Consequently, the research used a total number of 13
variables that were divided into dependent and inde-
pendent variables. The main dependent variable
which presents the travel demand is Tr (number of
trips per person per year) . The other 12 variables re-
present the independent variables that affect the travel
demand. The forms include 24 Egyptian governorates
that represent nearly all Egyptian governorates.
Therefore, this study is well comprehensive. Each
governorate has a code number from 1 to 24. For ex-
ample, the region canal governorates have numbers of
1 , 2 , and 3 for Port Said , Ismailia , and Suez , re-
spectively. The codes of all governorates and their
properties (population, area, population density , and
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Code
2
3
4
5
6
7
8
9
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22
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Tab.2 Codes and properties of all Egyptian governorates
Governorate Population (persons) Area (km") Density (persons/km") Avg. personal income (EP/year)
PortSaid 603787 1351 446.87 26181
Ismailia 942832 5066 186.11 26312
Suez 651848 10000 65.18 28969
Cairo 9891700 1881 5258.63 23776
Alexandria 4987509 2679 1861. 71 25474
Giza 7025279 85153 82.50 19690
Red Sea 301233 203685 1.42 29033
N. Sinai 395713 27564 14.36 22354
S. Sinai 65495 28438 2.30 29032
Matrouh 3990670 166563 23.96 26393
Damietta 1260930 589 2140.80 15380
Beheira 5254820 9119 576.24 17456
Minutia 3580000 2543 1407.77 16923
Gharbia 4400298 1942 2265.86 14577
Dakahlia 5551592 3459 1604.97 17980
Sharkia 6884000 4911 1401. 75 15872
Qalubia 4740000 1001 4734.84 13745
Kafr-elshaikh 2940030 3748 784.43 18429
Beni-Suef 2520629 10954 230.11 12324
Fayoum 2712792 6068 447.01 12520
Minya 3796000 32279 117.60 13765
Asyut 6510500 25926 251.12 12805
Qena 3276700 10798 303.45 11712
Sohagc 5210500 21400 243.48 11392
Source: ECAPMS 2010.
2.3 Data processng
The main stage in data processing is the construction
of origin destination matrix. The main variable in this
matrix is the average number of trips per person per
year (Tr) from and to Port Said. Before the access of
this stage, it is necessary to distribute the forms ac-
cording to trip purpose, as the trip purpose has a great
effect on personal trips number per year. There are
three main purposes, the first is work, the second is
education, and the third is combined with different
purposes from the other two purposes. Thus ,the third
purpose includes tour, shopping, business, and social
visits.
Also, the origin and destination forms are separa-
ted. Therefore, the analysis includes a total of six
travel demand models [2 (origin or destination) x 3
( work, education or other trip purposes) ] .
The models data with O-D pairs are presented in
Tabs.3,4. Tab.3 is for Port Said as origin, and
Tab. 4 is for Port Said as destination.
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Tab.3 Port Said models data (Port Said as origin)
O-D pairs Trip purpose Tr Dt Dr Popo Popd Ao Ad Dino Dind Inco InOO Totit Totic
1--+4 Other
1----+2 Other
1----+3 Other
1----+11 Wolt
5
7
5
7
5
4
3
6
3
5
3
4
2
6
4
5
3
4
6
4
2
2 26181 29032 35.0
1862 26181 25474 20.0
83 26181 19690 65.0
2 26181 29032 35.0
447 186 26181 26312 26.1 4
447 65 26181 28969 43.0 5
447 5259 26181 23776 54.3 4
447 1862 26181 25474 57.5 12
447 83 26181 19690 58.8 4
447
447 2141 26181 15380 35.4
447 2266 26181 14577 18.0
447 1605 26181 17980 24.9
447 1402 26181 15872 30.7
447 186 26181 26312 22.7
447 65 26181 28969 60.0
447 5259 26181 23776 43.3
447 83 26181 19690 60.0
447
447
447
447 14 26181 22354 50.0
447 2141 26181 15380 21.9
447 1605 26181 17980 21.5
447 1402 26181 15872 41.7
447 186 26181 26312 26.2
447 65 26181 28969 65.0
447 5259 26181 23776 41.4
447 2141 26181 15380 41.0
447 2266 26181 14577 25.0
447 1605 26181 17980 27.5
447 1402 26181 15872 26.0
2679272 603787 4987509 1351
220 603787 7025279 1351 ~5153
526 603787 65495 1351 28438
66 603787 1260930 1351 589
125 603787 4400298 1351 1942
98 603787 5551592 1351 3459
156 603787 6884000 1351 4911
66 603787 942832 1351 5066
168 603787 651848 1351 10000
220 603787 9891700 1351 1881
272 603787 4987509 1351 2679
220 603787 7025279 1351 85153
536 603787 65495 1351 28438
66 603787 1260930 1351 589
140 603787 4400298 1351 1942
98 603787 5551592 1351 3459
158 603787 6884000 1351 4911
77 603787 942832 1351 5066
168 603787 651848 1351 10000
220 603787 9891700 1351 1881
220 603787 7025279 1351 85153
272 603787 395713 1351 27564
66 603787 1260930 1351 589
98 603787 5551592 1351 3459
158 603787 6884000 1351 4911
74 603787 942832 1351 5066
168 603787 651848 1351 10000
220 603787 9891700 1351 1881
89
80
111
175
80
196
249
310
251
556
86
151
113
176
89
198
244
253
300
204
243
282
248
546
79
142
115
169
76
59
50
6
2
5
12
30
5
5
25
2
38
4
260
210
53
90
50
232
161
118
115
140
36
28
Wolt
Wolt
Wolt
Work:
Wolt
Wolt
Other
Other
Other
Other
Other
Other
Other
1----+2
1-+6
1----+9
1--+4
1--+4 Education
1----+3 Education
1----+2 Education
1-+6 Education
1--->8 Education
1-+6
1----+15 Wolt
1----+14 Wolt
1----+16 Work:
1----+16 Education
1----+15 Education
1----+11 Education
1----+11
1----+16
1----+14
1----+15
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Tab.4 Port Said models data (Port Said as destination)
0-0 pairs Trip purpose Tr Dt Dr Popo Popd Ao Ad Dino Dind Inco Incd Totit Totic
2->1 Work:
220 9891700 603787 1881 1351 5259
272 4987509 603787 2679 1351 1862
66 1260930 603787 589 1351 2141
247 5254820 603787 9119 1351 576
143 4400298 603787 1942 1351 2266
97 5551592 603787 3459 1351 1605
154 6884000 603787 4911 1351 1402
66 1260930 603787 589 1351 2141
268 5254820 603787 9119 1351 576
144 4400298 603787 1942 1351 2266
95 5551592 603787 3459 1351 1605
164 2940030 603787 3748 1351 784
64 942832 603787 5066 1351 186
6
3
4
7
5
4
7
4
4
5
3
4
4
2
3
9
4
5
5
5
6
2
25.52618126312
19690 26181 66.8
11392 26181 35.0
447
447
447 15380 26181 37.6
447 17456 26181 43.1
447 16923 26181 45.0
447 14577 26181 41. 2
447 17980 26181 40.2
447 18429 26181 38.3
447 26312 26181 32.2
447 28969 26181 25.0
447 23776 26181 36.3
447 25474 26181 41. 5
447 22354 26181 50.0
447 15380 26181 36.8 4
447 17456 26181 36.0 4
447 14577 26181 38.8 4
447 17980 26181 54.8 4
447 18429 26181 70.0 10
447 26312 26181 25.1 3
447 19690 26181 70.0 5
447 22354 26181 17.5 3
447 29032 26181 25.0 13
447 28969 26181 21. 7
447 23776 26181 57.5
447 25474 26181 35.3
447 25474 26181 52.0 15
447
447 15380 26181 33.1
447 17456 26181 55.0
447 14577 26181 44.3
447 17980 26181 35.0
447 15872 26181 62.5
14
83
65
65
83
14
2
186
243
1351
1351
1351
1351 1862
1351 5259
1351 1862
1351
59 942832 603787 5066
220 7025279 603787 85153
168 651848 603787 10000
272 4987509 603787 2679
204 395713 603787 27564 1351
66 1260930 603787 589 1351 2141
217 5254820 603787 9119 1351 576
178 3580000 603787 2543 1351 1408
140 4400298 603787 1942 1351 2266
97 5551592 603787 3459 1351 1605
164 2940030 603787 3748 1351 784
65 942832 603787 5066 1351 186
220 9891700 603787 1881
272 4987509 603787 2679
220 7025279 603787 85153 1351
238 395713 603787 27564 1351
436 65495 603787 28438 1351
168 651848 603787 10000 1351
712 5210500 603787 21400
71
239
297
255
88
242
202
163
120
185
82
183
305
229
88
289
165
125
211
78
179
248
294
257
245
453
86
277
168
118
187
726
228
37
43
33
213
34
23
156
124
29
77
56
29
14
113
24
76
58
15
8
8
8
3
8
8
2
15
2
4
7
4
Other
Other
Other
Other
Other
Work
Work
Work:
Work:
Work:
Work:
Work
Work:
Work:
Education
Education
Education
Education
Education
Education
Education
Education
Other
Other
Other
Other
Other
Other
Other
Other
Education
5->1
4->1
5->1
6->1
11->1
12->1
13->1
14->1
15->1
18->1
2->1
3->1
8->1
11->1
12->1
14->1
15->1
18->1
2->1
3->1
4->1
5->1
6->1
8->1
9->1
11->1
12->1
14->1
15->1
16->1
24->1
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3.1 Multiple linear regresion modeling
3 Modeling procedure
The procedure of travel demand prediction in the pres-
ent research is divided into two main methods: multi-
ple linear regression modeling and GLM.
Semeida (2013; 2014) used this method successfully
for model operating speed at multi-lane highways on
tangents and horizontal curves, respectively. There-
fore, it is necessary to start modeling with this meth-
od. The collected data were used to investigate the re-
lationships between travel demand dependent variable
( Tr) and the other 12 variables that are defmed before
as independent variables. Simple regression is used to
check the correlation coefficient (R) between the de-
pendent variable and each of the independent variable.
The independent variables that have relatively high R2
values (R2 > O. 5) are introduced into the multiple lin-
ear regression models. The form of multiple linear re-
gression models is shown in Eq. (1).
3.2 Generalized linear modeling (GLM)
This type of modeling was used successfully in acci-
dents prediction allover the world. Semeida (2011 )
used this technique and concluded important results in
this context. In the present research, this model was
used but in different form to fit the travel demand
data. The mathematical form included all independent
variables separately. This was performed by taking
the natural logarithm of all these variables to produce
a power relationship between trip frequency and each
of the former items. It allowed to study the effect of
all independent variables on yearly personal trips sepa-
rately. A normal distribution with a log link function
was chosen to model these data. This form takes the
following shape in Eq. (2) (Varagouli et al. 2005) :
Tr = exp(f3o) x X'tl x ... xx'/,- (2)
This form satisfied two main conditions:
( 1) This model must yield logical results (non
negative). Also, at Xi = 0 the number of trip must
be zero.
(2) The logarithmic link function that can linearize
this form for the purpose of coefficient estimation
should exist.
This model form was executed using the general-
ized linear model procedure PROC GENMOD in the
SAS statistical software (SAS 2003). SAS applied
the maximum log-likelihood technique to estimate the
regression coefficients, standard errors, Wald Chi-
squared statistics and p-values. In addition, the model
with minimum I 5 I and highest R2 value was
selected.
( Simpson et al. 1994):
( 1) The signs of the multiple linear regression co-
efficients should agree with the signs of the simple
linear regression of the individual independent varia-
bles and agree with intuitive engineering judgment;
(2) There should be no multicollinearity among the
final selected independent variables;
(3) The model with the smallest number of inde-
pendent variables, minimum ~ 5 ~ , and highest R2
value was selected.
The analysis includes six models as mentioned before.
4 Results and discussion
( I )
n
Tr =f30 + I f3i Xi
i;1
where Tr is number of trips per person per year; Xi is
explanatory variables from 1 to n; f30 is regression
constant; f3i is regression coefficient.
Then, stepwise regression analysis was used to se-
lect the most statistically significant independent varia-
bles with dependent variable in one model. Stepwise
regression starts with no model terms. At each step,
it added the most statistically significant term (the one
with lowest p-value) until the addition of the next
variable made no significant difference. An important
assumption behind the method is that some input vari-
ables in a multiple regression do not have an impor-
tant explanatory effect on the response. Stepwise re-
gression kept only the statistically significant terms in
the model.
Finally, the R2 (coefficient of determination) and
II 5 II (infinity norm of error vector) values were
calculated for each model. According to the research
( Varagouli et al. 2005) the acceptable region was
defmed such that ! 5 I was accurate to 2 decimal
digits. Several precautions were taken into considera-
tion to ensure integrity of the model as follows
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Hence, the analysis details for each model are presen-
ted in the following sections.
4.1 Port Said asorigin
4.1.1 WJrlc pUrpOS3
( A) Linear regression model
There is one model that is statistically significant
with Tr after stepwise regression using SSPS package.
One variable is significant at the 5% significance level
(95 % confidence level). Thus, this model is as fol-
low in Eq. ( 3 ) .
Tr = 231. 02 - O. 505 x Dt (3 )
( B) GLM procedure
After the application of PROC GENMOD in SAS
software, the best model is as follow in Eq. (4).
Tr = exp( 8.58) x Dt~·89 X PopdO. 15 x Ad ~.32 X
Incdo. 33 x Totit~·46x Totic~·48 (4)
4.1.2 Education pUrpOS3
( A) Linear regression model
The same steps are executed as the previous case.
Therefore, the best model is as follow in Eq. (5).
Tr =170.17- 4. 93x 1O-6 x
Popd-17. 08x Totic (5)
( B) GLM procedure
As earlier case, the best model is as follow in
Eq. (6).
Tr = exp( 6.54) x Dr~·66x Popd-o. 1 x
Incdo. 34 x Totic~'7 (6 )
4.1.3 OtherpUrpOS3
( A) Linear regression model
After stepwise regression, there was no model
which ensured the minimum statistical requirements.
In other word, p-value of all independent variables
was more than 0.05 (95% confidence level was not
verified). Also, R2 for all models never exceeded
0.5. Therefore, no model was adopted.
( B) GLM procedure
After the application of PROC GENMOD in SAS
software, the best model is as follow in Eq. (7).
Tr = exp(11. l4)x Dr~·7x Ad-o. 6x
Totic-l.04 (7)
4.1.4 Dis;u~on
Table 5 presents the parameter estimates,
~ S ~ of all models in section 4. 1.
( A) Work purpose
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By investigation of Tab. 5, it is found that GLM
procedure gives better and more confidence model
than linear model as having better R2 , and lower
I 8 I .
The best model in Eq. (4) indicates the following
conclusions:
• Tr increases with the decrease of Dt, Totit, and
Totic. This result is rational;
• The positive sign of the coefficient for Popd and
Incd means that the Tr increases with the increase of
both. The person resident in Port Said prefers to re-
turn horne directly after finishing his work avoiding
the congestion and excessive prices in destination gov-
ernorate. So, this generates more yearly personal
trips, which is consistent with logic;
• The negative sign of the coefficient for Ad
means that the Tr increases with the decrease of Ad.
The lower destination area leads to less urban distance
to reach work place. Therefore, the number of yearly
personal trips increases. This result is acceptable.
( B) Education purpose
By investigation of Tab. 5, as the work purpose,
GLM procedure produces the best model.
The best model in Eq. (6) shows the following in-
ferences:
• Tr increases with the decreases of Dr and Totic,
this result is acceptable and logical;
• The positive sign of the coefficient for Incd
means that the Tr increases with the increase of Incd.
The collegiate from Port Said prefers to return horne
directly after finishing his lectures avoiding excessive
prices in destination governorate. So, this generates
more yearly personal trips which is consistent with
logic;
• The negative sign of the coefficient for Popd
means that the Tr decreases with the increase of
Popd. The collegiate from Port Said prefers to
reduce his number of educational trips avoiding the
congestion in transportations. This result is
reasonable.
( C) Other purpose
By investigation of the best model in Eq. (7), it
is found that Tr increases with the decreases of Dr,
Ad, and Totic. These results are acceptable and
cogent.
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Tab.S Model estimation resolts (Port Said as origin)
Work purpose
Variable Linear model GLMCoeff. t-stat. p-value Coeff. Chi-square p-value
Constant 231.020 6.64 0.0001 8.580 1830 0.0001
Dt -0.505 3.70 0.0060 -0.887 4455 0.0001
Dr
Pop<! 0.154 851 0.0001
Ad -0.319 2998 0.0001
Dind
Incd 0.331 226 0.0001
Totit -0.464 893 0.0001
Totic -0.484 760 0.0001
R2 0.630 0.987
~ 15 I 0.305 7.53 x10-2
Education purpose
Variable Linearmodel GLMCoeff. t-stat. p-value Coeff. Chi-square p-value
Constant 170.17 10.48 0.0001 6.536 256 0.0001
Dt
Dr -0.658 2183 0.0001
Popd -4.93Xl0-6 3.16 0.0250 -0.104 182 0.0001
Ad
Dind
!ned 0.336 94 0.0001
Totit
Totic -17.08 5.41 0.0030 -0.702 2290 0.0001
R2 0.907 0.990
1151 0.132 5.15 x10-2
Other purpose
Variable Linearmodel GLMCoeff. t-stat. p-value Coeff. Chi-square p-value
Constant 11.143 253.00 0.0001
Dt
Dr -0.696 12.08 0.0005
Pop<!
Ad -0.601 50.37 0.0001
Dind
Incd
Totit
Totic -1. 040 37.80 0.0001
R2 0.979
115 I 9.16 X10-2
42 Port Said as destination
4.2.1 Vlbrk pUrpOS3
( A) Linear regression model
There is one model that is statistically significant
with Tr after stepwise regression using SSPS package.
This model is as follow in Eq. ( 8 ) .
Tr = 266.36- O. 937 x Dt (8)
( B) GLM procedure
As earlier case, the best model is as follow in
Eq. (9).
Tr = exp(73.29) x Dt-I.S8 xPOpOO.87 X
Ao-o· 06 x Inco ?" x TotiC7. o3 (9)
It is noticed that ~ 8 I is accurate to only one
decimal digit. So, it is necessary to derive more ac-
curate models. For attainment the dataset in Tab. 4 is
separated into two groups of data according to rural
distances as follows (Varagouli et al. 2005).
First group with Dr less than 150 km, 2 ---+ 1 ,
11---+1, 14---+1, 15---+1.
Second group with Dr more than 150 km, 4---+1,
5---+1, 6---+1, 12---+1, 13---+1, 18---+1.
Therefore, the following two models are formulated
in Eqs. (10) and (11).
Tr =exp(45.62)xDr-o· 6 x Dino-o·73 x
Inco-3. 33 ( 10)
Tr =exp(-7.04)xPopo-o·16 X Aoo. 17 x
Inco':" x Totit-o·84 (11)
4.2.2 Education pUrpOS3
( A) Linear regression model
The best model is as follow in Eq. (12 ) .
Tr = 114.75- O. 34 x Dt (12)
( B) GLM procedure
The best model is as follow in Eq. (13).
Tr = exp(6. 86)x Dt-o· 65 x POpOO.3 x Ao-o. 32 x
Inco" 34 x TotiCl. 25 x Totic -0.16 ( 13)
As the work model, the dataset in Tab. 4 is separa-
ted into two groups of data according to rural dis-
tances fdr obtaining better models.
First group with Dr less than 150 km, 2 ---+ 1 ,
11---+1, 14---+1, 15---+1.
Second group with Dr more than 150 km, 3 ---+1 ,
5---+1, 8---+1, 12---+1, 18---+1.
Therefore, the following two models are formulated
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in Eqs. (14) and (15).
Tr =exp(9.2)xDt-o· s7 x Dinoo. 23 x
TotiCl. 02 ( 14)
Tr =exp(- 50. 09) x DC 2. 84 x POp01.27 X
Aoo. 96 x Inco4. 19 ( 15)
4.2.3 Other purpO!!B
( A) Linear regression model
After stepwise regression, there was no model
which ensured the minimum statistical requirements.
Therefore, no model was adopted.
( B) GLM procedure
The best model is indicated in Eq. (16).
Tr = exp(7.61) x Dr-o.39 x pOpO-o·12 x
Ao-o· 18 x Totic-o· 38 (16)
As the previous two cases, the dataset in Tab. 4 is
separated into three groups of data according to rural
distances for obtaining better models.
First group with Dr less than 100 km, 2 - 1 ,
11-1,15-1.
Second group with Dr between 100 km and 200
km, 3-1, 14-1, 16-1.
Third group with Dr more than 200 km. 4-1 ,
5-1, 6-1, 8-1, 9-1, 12-1, 24-1.
Therefore, the following three models are formula-
ted in Eqs. (17), (18) and (19).
Tr =exp(8) x Dr-1.76 x DinoO. 27
Tr = exp (- 9) x Inco 1.07
Tr =exp(-54.97)xPopoO.3 X Aoo. 39 x
Inco5.06 x Totic-1.4
4.2.4 lJiscusSon
Table 6 presents the parameter estimates, R2 , and
II 8 ~ of all models in section 4.2.
( A) Work purpose
By investigation of Tab. 6, it is found that GLM
procedure gives better and more confidence model
than linear model as having better R2 , and lower
~ 8 II • The best models in Eqs. (10), (11) indi-
cate the following conclusions:
• For Group 1 model (Eq. (10», Tr increases
with the decrease of Dr. The negative sign of the co-
efficient for Dino and Inco means that the Tr decrea-
ses with the increase of both variables. The person
resident out of Port Said prefers to reduce his number
of work trips and stays in Port Said (destination) lon-
ger time avoiding the congestion and high prices in his
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governorate. These results are reasonable and logical.
• For Group 2 model (Eq. (11», Tr increases
with the decrease of Totit. The negative sign of the
coefficient for Popo means that the Tr decreases with
the increase of this variable. The person resident out
of Port Said prefers to reduce his number of work trips
and stays in Port Said (destination) longer time avoi-
ding the congestion in his governorate. In addition,
the positive sign of the coefficient for Ao and Inco
means that the Tr increases with the increase of both
variables. These results are acceptable.
( B) Education purpose
By investigation of Tab. 6, as the work purpose,
GLM procedure produces the best model. The best
models in Eqs. (14), (15) show the following in-
ferences:
• For Group 1 model (Eq. (14», Tr increases
with the decrease of Dt and Totit. In addition, Tr in-
creases with the increase of Dina.
• For Group 2 model (Eq. (15», Tr increases
with the decrease of Dt. In addition, Tr increases
with the increase of Popo, Ao, and Inco.
All the previous results are cogent and acceptable.
( C) Other purpose
By investigation of the best models in Eqs. (17)-
(19) , it is found that:
• For Group 1 model (Eq. (17 ) ), Tr increases
with the decrease of Dr and with the increase of Dino.
• For Group 2 model (Eq. (18», Tr increases
with the increase of Inco.
• For Group 3 model (Eq. (19», Tr increases
with the increase of Popo, Ao, and Inco. In addi-
tion, Tr increases with the decrease of Totic.
Finally, all the previous results are rational and
consistent with logic.
5 Conclusions
The current paper presents identification and estima-
tion of the main variables that affect the travel demand
in low population areas. The research concerns the
case of Port Said Governorate, North East Egypt.
The most important conclusions of this paper are:
• The GLM models give better and more confident
results than regression models in terms of predicting
Tr for the all six cases in research.
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Tab. 6 Model estimation results (Port Said as destination)
Work purpose
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Variable
Linear model GLM GLM (Group 1) GLM (Group 2 )
Coeff. r-stat, p-vaiue Coeff. Chi-square p-vaiue Coeff. Chi-square p-vaiue Coeff. Chi-square p-vaiue
6391 0.0001
4335 0.0001
Constant 266.400
Dt -0.937
Dr
Popa
Ao
Dino
Inco
Totit
Totic
R2
7.09
4.97
0.755
0.282
0.0001
0.0010
73.290
-1. 580
0.875
-0.060
-4.900
-7.030
1800
25.5
4785
3426
0.966
0.171
45.62
-0.60
0.0001
0.0001
-0.73
0.0001 -3.33
0.0001
Education purpose
2643
3123
1854
1843
1.000
2 x10-4
0.0001 -7.040
0.0001
-0.160
0.171
0.0001
0.0001 1.475
-0.840
60.11
16.52
27.43
178.50
18.21
1. 000
5 xl0-3
0.0001
0.0001
0.0001
0.0001
0.0001
Variable
Linear model GLM GLM (Group 1 ) GLM (Group 2 )
Coeff. r-stat, p-vaiue Coeff. Chi-square p-vaiue Coeff. Chi-square p-vaiue Coeff. Chi-square p-vaiue
Constant 114.75
0.0080 -0.650 302.80 0.0001 -0.57 455.5 0.0001Dt
Dr
-0.34
6.15
3.67
0.0001 6.865 41. 74 0.0001 9.20 3512.0 0.0001 -50.100
-2.840
235.9
210.7
0.0001
0.0001
Popa
Ao
Dino
0.298 153.80 0.0001
-0.320 183.70 0.0001
0.23 1035.0 0.0001
1.270
0.960
230.4
179.6
0.0001
0.0001
-1. 250 388.40 0.0001 -1. 02
Inco
Totit
I 8 I
0.658
0.251
0.344
-0.160
12.70 0.0004
11. 36 0.0008
0.960
0.118
Other purpose
428.0 0.0001
1.000
7 x10-5
4.189 425.7
1. 000
7 Xl0-5
0.0001
Variable
Linear model GLM GLM (Group 1) GLM (Group 2)
Constant
Coeff.
7.61
r-stat,
80.29
p-vaiue
0.0001
Coeff.
7.990
Chi-square p-vaiue
22.82 0.0001
Coeff. Chi-square
-8.950 6.95
p-vaiue Coeff. Chi-square
0.0084 -55.000 16.58
p-vaiue
0.0001
Dt
Dr -0.39
Popo -0.12
Ao -0.18
Dino
Inco
Totit
Totic -0.38
I 8 I
15.19 0.0001 -1.760
5.38 0.0203
9.28 0.0023
0.275
9.83 0.0017
0.610
0.358
19.65 0.0001
22.08 0.0001
1.000
1 x 10 -4
1. 074 10. 12
0.994
2.36 Xl0-2
0.0015
0.298
0.394
5.063
-1. 400
17.21
18.21
17.27
23.84
0.993
5.6xl0-2
0.0001
0.0001
0.0001
0.0001
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• For all models, the negative sign of the coeffi-
cients for Dt, Dr, Totit, and Totic means that Tr per-
manently increases with the decrease of these varia-
bles. This conclusion is rational and consistent with
logic.
• In some cases, I I) I values are accurate to on-
ly one decimal digit. So, it is necessary to derive
more accurate models. For attainment the dataset is
separated into groups of data according to rural dis-
tances until reaching more reasonable and accurate
models.
• The relations between dependent and independent
variables in all concluded models are reasonable, ra-
tional, and consistent with logic. In addition, the final
demand models have statistics within the acceptable re-
gions and, also, they are conceptually reasonable.
• The derived models are useful and functional for
future trips forecast especially at Port Said zone. The
future trips widely vary according to variation in spe-
cific independent variables as population for origin
and destination zones, average personal income for
origin and destination zones, and total trip cost in in-
ternal (urban) distances. Thus, the number of per-
sonal trips in future can be calculated easily by putting
the main independent variables in the derived models.
• Finally, future research should be conducted to
extend all aspects of this research using comprehen-
sive field data from various governorates in order to
reach more extensive modeling and analysis of travel
demand. This surely improves the transportation sys-
tem in Egypt. In addition, microsimulation molding
procedure will be used for obtaining more accurate
models.
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